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This report, prepared by Integral Consulting and Windward Environmental for the Lower
Willamette Group, contains data on concentrations of metals, butyltins, PCBs, DDTs and
other organochlorine pesticides, semi-volatile organic compounds (SVOCs), phenols,
phthalates, dioxins and furans, and PAHS, in stomach contents of fish and juvenile
salmon from four sites in Portland Harbor. Fish samples were collected from three site
within the stuy area, LW2-TO01, at river mile 3-4; LW2-T02, at river mile 6-7; LW2-T03,
at river mile 9-10, and at an upriver reference sites, LW2-T04, at river mile 17-18.

Various constituents were analyzed using standard EPA methods. Data validation and
quality assurance procedures are well documented in the report, and comply with
common laboratory standards. Generally, reported data were of high quality, with
acceptable detection limits. There were a few cases in which some analytes (e.g., some
of the SVOCs and phenols) could not be quantified because of low tissue volume. Also,
the number of composite stomach contents samples was low, and made statistical
comparison of the data more difficult. These problems are not unexpected, given the
small size of the subyearling salmon used for these analyses

Contaminants in stomach contents

As part of this study, contaminants were measured in salmon stomach contents to assess
the degree of dietary uptake of toxic compounds in juvenile salmon from the Portland
Harbor area. The classes of contaminants measured in salmon stomach contents were
more limited than in whole bodies. Metals, phenols, phthalates, and SVOCs were
generally not measured. The interpretation below focuses on Y DDTs, > PCBs, and

> PAHs, because these are the classes of compounds where the best information is
available on exposure levels in salmon and toxicity thresholds.

DDTs. The >DDT concentrations in stomach contents of juvenile Chinook ranged from
6.4 ng/g ww at site LW2-T04 to 295 ng/g ww at site LW2-T02 (Figure 1). The
concentration at site TO2 was significantly higher than at either site TO1 or the T04
reference site (ANOVA, Tukey-Kramer multiple range test, p < 0.05; log-transformed
values). In comparison to Y DDT concentrations in stomach contents of salmon sampled
from other Pacific Northwest sites (Figure 2), the stomach contents > DDT concentrations
at sites LW2-T01, T03, and T04 were in the low to moderate range (6.4-10.2 ng/g ww),
and were somewhat lower than concentrations reported in juvenile salmon from other
sites in the Columbia and Willamette Rivers (35-40 ng/g ww; Johnson et al. 2006ab;
Leary et al. 2006). At site LW2-T02, however, concentrations of Y DDTs in salmon
stomach contents were very high, higher than levels in any comparable samples the
NWFSC has analyzed from juvenile salmon in Washington or Oregon.



PCBs. Total > PCB concentrations in salmon stomach contents ranged from 10.6 ng/g
ww in fish from LW2-T04 to 163 ng/g ww in fish from LW2-T03 (Figure 1). The
concentration at site TO3 was significantly higher than at the T04 reference site, but no
other significant differences were observed (ANOVA, p< 0.05). The >PCB
concentration in stomach contents of fish from the T04 reference site was comparable to
> PCB levels measured in stomach contents of Chinook salmon from rural estuaries in the
Pacific Northwest (Figure 3; Johnson et al. 2006ab). At sites TO1 and T02,
concentrations were in the 58-71 ng/g ww range, comparable to levels found at other sites
with some moderate levels of urban development (Johnson et al. 2006). At site TO3
stomach contents > PCB concentrations were comparable to some of the highest levels
observed in salmon from the Pacific Northwest.

PAHSs. Total YPAH concentrations in stomach contents of juvenile Chinook ranged from
from 88 ng/g ww at site LW2-T04 to 2460 ng/g ww at site LW2-T04 (Figure 1), but
levels were not significantly different (p< 0.05), in part because of the small number of
samples analyzed (1< n < 2). In comparison to > PAH concentrations in stomach
contents of salmon sampled from other Pacific Northwest sites (Figure 4), concentrations
at TO4, TO1, and TO3 were low to moderate, while concentrations at site TO2 were within
the range reported in juvenile salmon from other urban sites. However, concentrations at
all sites were below estimated thresholds for > PAH effects on growth, metabolism, and
immune function of about 7,000 ng/g ww or above based on laboratory studies (Meador
et al. 2006; Palm et al. 2003), or levels observed in the field-collected fish where these
types of problems have been documented (~5000 ng/g ww; Arkoosh et al. 2002; Casillas
et al. 1998).

Contaminants in Salmon Whole Bodies

Lipid content. Lipid content of fish bodies ranged from 1.5-1.9%. These levels are very
similar to lipid levels the NWFSC has measured in juvenile salmon from other Columbia
River and Willamette sites (Johnson et al. 2006a,b, Leary et al. 2006), and within the
typical range reported for this species (Beckman et al. 2002).

Metals. Metals measured in salmon whole bodies included aluminum, antimony, arsenic,
cadmium, chromium, copper, lead, mercury, nickel, selenium, silver, and zinc. The
metals detected at the highest concentrations were aluminum and zinc. Concentrations of
Al ranged from 3-13 mg/kg wet wt, while concentrations of Zn ranged from 24-31 mg/kg
wet wt. However, there was no evidence of elevated concentrations in fish from sites
within Portland Harbor as compared to the reference area. Concentrations of all other
metals were < 1 mg/kg wet wt, and in many cases < 0.1 ng/g ww. Like Zn and Al,
concentrations of all other metals were very similar in whole bodies of salmon from all of
the sampling sites, and concentrations in salmon from sites T01, T02, and T03 showed
little difference from those in fish from the T04 reference site. Moreover, concentrations
of As, Cd, Hg, Pb, Se, and Zn were all similar to or below concentrations reported for
resident fish in the Columbia River by Hinck et al. 2006.



Concentrations of metals appeared to be below toxicity thresholds, where such data are
available. According to Hinck et al. 2006, whole body concentrations of As, Cd, and Zn
were below toxicity thresholds in resident fish they sampled, and concentrations in the
juvenile salmon from the Willamette were at or below concentrations reported by Hinck
et al. (2006). For Hg, lowest reported toxicity thresholds are 0.3 -0.7 ug/g ww for
impacts on feeding efficiency, competitive ability, and other behavioral endpoints (Fjeld
et al. 1998; Kania and O’Hara 1974). At 0.011 to 0.013 ug/g ww, whole body total
mercury concentrations in Willamette River salmon were below these levels for all
samples. For Se, toxic effects have been reported at whole body concentrations as low as
1 ug/g ww (Lemly 1996, 2002). Again, the Willamette salmon were well below this level
with concentrations ranging from 0.18-0.27 ug/g ww. As for Pb, reduced hatching
success has been documented in concentrations of 0.4 ug/g ww in eggs and reduced
growth in various life stages at concentrations of 4-8 ug/g ww (Holcombe et al. 1976).
Levels in whole bodies of sampled salmon were well below these levels, ranging from
0.03 to 0.07 ug/g ww.

PAHs. Because PAHSs are extensively metabolized by fish, high concentrations of these
compounds in whole body samples were not expected. However, low but measurable
concentrations of PAHSs, primarily low molecular weight compounds, were found, at
concentrations ranging from 5-19 ng/g ww. Mean concentrations were about twice as
high in salmon from sites T01, T02, and TO3 than in fish from the reference site,
suggesting greater exposure to PAHSs in Portland Harbor fish. However, even in the
Portland Harbor fish, whole body PAH levels were below those we observed in pre-
release hatchery fish from several Columbia River hatcheries (25-41 ng/g ww) as part of
a monitoring study conducted with USGS and LCREP (Leary et al. 2006).

PCBs. On a wet weight basis, whole body PCB concentrations ranged from 12.1 ng/g
ww at the T04 reference site to 253 ng/g ww at site TO3 (Figure 4). When adjusted for
lipid content, the average concentrations ranged from 868 ng/g lipid at site TO4 to 11,300
ng/g lipid at site TO3 (Figure 4). Both wet wt and lipid wt PCB concentrations were
significantly higher at sites TO1, T02, and T03 than at the T04 reference site (ANOVA,
Tukey-Kramer multiple range test, p < 0.05, log-transformed values). In comparison
with > PCB concentrations in juvenile salmon from other Pacific Northwest sites, levels
in fish from sites TO1, T02, and TO3 were among the highest reported (Figure 5).
Moreover, mean lipid adjusted PCB concentrations in fish sampled from all sites except
TO4 were above the effect threshold of 2400 ng/g lipid proposed by Meador et al. (2002).
This suggests that there is a substantial risk of delayed mortality, immune dysfunction,
and other health problems in salmon from these sites due to PCB exposure.

DDTs. Mean concentrations of DDTs in whole body salmon samples range from 9 ng/g
wet wt at site TO4 to 247 ng/g wet wt range at site TO2 (Figure 6). On a lipid weight
basis, they ranged from 492 ng/g lipid at T04 to 14,800 ng/g lipid at TO2 (Figure 6).

Both wet wt and lipid wt DDT concentrations were significantly higher at sites T01, T02,
and TO3 than at the T04 reference site (ANOVA, Tukey-Kramer multiple range test, p <
0.05, log-transformed values). Moreover, both wet wt and lipid wt DDT concentrations
were significantly higher at site TO2 than at sites TO1 or T03. Compared to other data



collected by NWFSC, the DDT concentration in salmon from site T02 was among the
highest observed (Figure 7).

Toxic effects of DDTs have been reported at concentrations as low as 500 ng/g ww in
some fish species (Jarvinin and Ankley 1999) and Beckvar et al. (2005) has proposed a
critical tissue value of 600 ng/g wet wt for effects of ) DDTs on adult and juvenile fish,
including salmonids. Even in salmon from site T02, tissue concentrations of DDTs were
below these levels. However, these toxicity thresholds are not adjusted for lipid contents,
which can have a strong influence on the toxicity of bioaccumulative contaminants
(Elskus et al. 2005; Lassiter and Hallam, 1990). The typical lipid content of laboratory-
reared salmonids, which were used to generate much of the toxicity data used in analyses
such as Beckvar et al. (2005), is 8-10% (Meador et al. 2002), where as in the juvenile
salmon collected in the present study, the lipid content was only 1-2%. If we assume a
10% lipid content for salmonids used to generate the 600 ng/g ww toxicity threshold, the
lipid adjusted value would be 6000 ng/g lipid. In salmon from sites TO1, T03, an T04,
lipid-adjusted > DDT concentrations are all below this level, but fish from site T02
exceed it. Fish from site T02 might also be a threat to piscivorous wildlife, as ) DDTs
exceed proposed the fish tissue criteria for wildlife of 200 ng/g wet wt (Newell et al.
1987).

Butyltins. Butyltin concentrations in salmon whole bodies ranged from 1-2 ng/g ww in
fish from T04 to 8-9 ng/g ww in fish from T02. Effects of TBT on growth of salmonids
has been reported at tissue concentrations of 2000 ng/g dry wt or about 400 ng/g wet wt
(Seinen et al. 1981; DeVries et al. 1991), far above concentrations observed in the
Willamette salmon.

SVOCs. These compounds, which included di-, tri-, and hexachlorobenzens, benzyl
alchohol, dibenzofuran, hexachlorobenzene, hexaclorobutadiene, hexachloroethane, and
N-nitrosodiphenylalanine, were generally below quantifiable limits in the salmon sample
collected in this study. Estimated concentrations of HCB and HCBD were typically < 1
ng/g ww, while concentrations of the other compounds range from 20-130 ng/g ww.
Benzyl alcohol was detected in fish from TO1 and T03 at concentrations in the 55-200
ng/g ww range. In several whole body samples, concentrations of SVOC could not be
measured reliably because of small sample size.

Phenols. Like the SVOC, these compounds were generally below detection limits or not
quantifiable in the salmon whole body samples. Estimated concentrations range from 25-
100 ng/g ww at TO1 and T04, up to 140-700 ng/g ww at sites TO2 and T03, but still
below limits of detection, suggesting these compounds could not be reliably measured.
Phenol and pentachlorophenol were found at quantifiable levels in one samples from
TO1, with concentrations of 38 ng/g ww and 140 ng/g ww, respectively. NOAA
Fisheries has proposed a tissue benchmark of 300 ng/g ww for chlorinated phenolic
compounds for salmonids (NMFS 2004), and some of the estimated concentrations in
fish from the Portland Harbor sites were above this level. Although estimated values may
be inaccurate, potential toxicity from chlorinated phenolic compounds cannot be ruled
out in fish from these sites.



Other OC pesticides. These compounds were generally below detection limits or at low
concentrations (< 1 ng/g ww). Detection limits for toxaphene were quite high (up to 300
ng/g ww), suggesting that this compounds could not be reliably quantified in these
samples.

Dioxins and Furans. Impacts of dioxins and furans are somewhat difficult to evaluate
because the analysis doesn’t include calculation of TEQs. | attempted to calculate TEQs
for these compounds using toxic equivalency factors (TEFs) of Van den Berg et al.
(1998). According to these estimates, the TCDD/TCDF TEQs for fish samples from sites
TO1 to TO4 are well below the NOAA and EPA guideline of 9 pg/g ww (NMFS 2004).
The highest value calculated was 2.3 pg/g ww for site T03. Values for the other sites
were < 1 pg/g ww.

Summary

Overall, the data in this report indicate significant exposure of juvenile Chinook salmon
from Portland Harbor to several major classes of contaminants. Concentrations of PCBs
and DDTs were both significantly higher in whole bodies of salmon from sites T01, T02,
and TO3 in Portland Harbor than in salmon from the T04 reference site, where whole
body contaminant concentrations were low, similar to concentrations observed at rural
estuaries from other sites in the Pacific Northwest (Johnson et al. 2006). Differences
were less pronounced for concentrations of these contaminants in stomach contents, in
part because of the small number of sample replicates available for analysis. However,
contaminant concentrations were generally higher in stomach contents of salmon from
the three Portland Harbor sites than in salmon from the reference site. When contaminant
concentrations in salmon whole bodies and stomach contents from the three Portland
Harbor sites were compared with other Pacific Northwest sites, concentrations were
generally within the ranges reported for other urban areas (Johnson et al. 2006ab, Leary
et al. 2006). Concentrations of DDTs in fish from site TO2, and concentrations of PCBs
in fish from sites TO2 and T03, were among the highest reported. PAHs were also
detected in stomach contents and whole bodies of salmon from the Portland Harbor sites,
but at more moderate levels. Generally there was a positive relationship between
contaminants in stomach contents and contaminants in whole bodies, and body burdens
were clearly elevated in juvenile salmon from Portland Harbor in comparison to the
upstream reference site, indicating that fish are remaining in the Portland Harbor long
enough to accumulate contaminants.

When concentrations of contaminants in Portland Harbor salmon were compared with
available tissue residue guidelines (Meador et al. 2002; Beckvar et al. 2005), levels of
DDTs and PCBs appeared to be high enough in fish from some sites to cause toxicity.
Concentrations of PAHSs in stomach contents of salmon from all sites were below
concentrations that have been associated with impacts on immune function and growth in
field and laboratory studies (Arkoosh et al. 2001, 2004, Casillas et al. 1998, Palm et al.
2003; Meador et al 2006), but could contribute to toxicity in conjunction with other
contaminants.



Concentrations of other classes of contaminants were generally similar at Portland
Harbor and reference sites, and relatively low in comparison to values reported in the
literature for other fish species (e.g., Hinck et al. 2006). A possible exception are the
chlorinated phenols, which could not be measured reliably in most samples, but whose
estimated concentrations exceeded NOAA'’s recommended tissue benchmark.

In addition to the contaminants measured in this study, it might be useful to analyze for
the fire retardants, polybrominated diphenyl ethers (PBDES), emerging contaminants that
may affect thyroid function and neural development (Siddiqi et al. 2003). In preliminary
data from recent study conducted by the NWFSC in collaboration with the Lower
Columbia River Estuary Partnership (Leary et al. 2006), concentrations of PBDES as high
as 99 ng/g ww were observed in whole bodies of salmon from Morrison Street Bridge.
This concentration is substantially higher than the majority of fish samples analyzed in a
survey of PBDEs conducted by Washington DOE (Johnson et al. 2006c¢), suggesting
these contaminants may be a problem in the Portland area.
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Figure 1. Concentrations of PCBs, DDTs, and PAHSs (ng/g wet wt) in stomach contents
of juvenile salmon from the Willamette River. Mean values with different letter
designations are significantly different (1-way ANOVA, Tukey-Kramer multiple range
test, p < 0.05; log-transformed values).
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Figure 2. Concentrations of ) PCBs and > DDTs in stomach contents of juvenile salmon
from the Willamette River as compared other Pacific Northwest sites. Data from Johnson
et al. 2006a,b; Leary et al. 2006).
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Figure 3. Concentrations of ) PAHs in stomach contents of juvenile salmon from the
Willamette River as compared other Pacific Northwest sites. Data from Johnson et al.
20064a,b; Leary et al. 2006).
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Figure 4. Concentrations of ) PCBs (ng/g ww and ng/g lipid) in whole bodies of
juvenile salmon from Willamette River sites. Mean values with different letter
designations are significantly different (1-way ANOVA, Tukey-Kramer multiple range
test, p < 0.05; log-transformed values).
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Figure 5. Concentrations of PCBs (ng/g lipid and ng/g wet wt) in whole bodies of
juvenile salmon from the Willamette River as compared other Pacific Northwest sites.
Data from Johnson et al. 2006a,b; Leary et al. 2006). Solid line indicates estimated
toxicity threshold, based on Meador et al. 2002.




300
a
250 i
~~
§ 200
o
S
(@]
c
o
n
'_
O 150
0
>
)
o
a
o
5 100
L
2
50
b b
C
o |
TO1 (n=3) TO2 (n=3) TO3 (n=3) TO4 (n=3)
18000
16000 a
14000
12000
10000
)
o
8000 =
> [=)]
k) <
(e} [=)]
a c
© 6000 =
2 a
2 a]
4000
b b
2000
C
o |

TO1 (n=3) TO2 (n=3) TO3 (n=3) TO4 (n=3)

Figure 6. Concentrations of ) DDTs (ng/g ww and ng/g lipid) in whole bodies of
juvenile salmon from Willamette River sites. Mean values with different letter
designations are significantly different (1-way ANOVA, Tukey-Kramer multiple range
test, p < 0.05; log-transformed values).
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Figure 7. Concentrations of Y DDTs (ng/g lipid and ng/g wet wt) in whole bodies of
juvenile salmon from the Willamette River as compared other Pacific Northwest sites.
Data from Johnson et al. 2006a,b; Leary et al. 2006). Solid line indicates estimated
toxicity threshold, based on Beckvar et al. 2005.






